The aim of the present study was to examine the effects of cigarette smoking (CS) on fasting blood insulin, homeostasis model assessment index (HOMA-R index), glucose and lipids in Japanese collegiate women. Twenty-six smokers were individually matched for physical activity scores, age, and body mass index with 26 nonsmokers. Information on smoking, physical activity habits, and diet record were collected. Blood samples were taken and analyzed to evaluate their associations with CS. The results showed significantly higher mean serum insulin, HOMA-R index, and glucose while lower mean high-density lipoprotein two cholesterol (HDL 2 -C) in smokers as compared with nonsmokers. The mean nutrient intakes showed no significant differences between smokers and nonsmokers. In conclusion, it appears that CS is associated with insulin resistance, impaired fasting glucose and lower HDL 2 -C in young Japanese female smokers. This may partly explain the deleterious effects of smoking on coronary heart disease risk.
INTRODUCTION
Although the prevalence of smoking among Japanese women is significantly lower than that among Japanese men, the prevalence in young Japanese women has been gradually increasing especially for women aged 20-30 years. 1) Studies * To whom correspondence should be addressed: Laboratory of Nutrition and Exercise Physiology, Nakamura Gakuen University Graduate School, 5-7-1 Befu, Jonan-ku, Fukuoka 814-0198, Japan. Tel. & Fax: +81-92-851-5964; E-mail: hiro7ima@nakamura-u.ac.jp have indicated that there is a much larger detrimental impact of cigarette smoking (CS) in women. 2, 3) Therefore, greater concern should be placed on female smokers.
Insulin resistance and dyslipidemia have been reported to be associated with coronary heart disease (CHD). [4] [5] [6] It has been suggested that smoking leads to dyslipidemia including decrease in serum high-density lipoprotein cholesterol (HDL-C) and increase in triglycerides (TG). 7, 8) Studies also suggested that smokers had significantly higher plasma insulin concentrations [9] [10] [11] [12] [13] and were more insulin resistant [11] [12] [13] [14] than nonsmokers, whereas inconsistent results were also found. [15] [16] [17] [18] However, these data are based on studies of middle-aged or older individuals conducted in Western countries. Data on young women are scarce. We therefore examined fasting blood insulin, homeostasis model assessment index (HOMA-R index), glucose and lipids among smokers and nonsmokers in Japanese collegiate women. With the concern that unhealthy behaviors may exert their harmful effects on the biomarkers mentioned above, we measured alcohol consumption and physical activity habits and compared nutrient intakes between smokers and nonsmokers.
MATERIALS AND METHODS
Subjects and Self-administered Questionnaire --Collegiate women were recruited from the Nakamura Gakuen University in 2006 and consented to the procedure after explanation of the purpose of the study. To be included in the study, they had to meet the following criteria: they were menstruating at normal intervals, ranging from 26-31 days, which fell within the normally accepted range; 19) they drank alcohol less than once a week and even then only had a small amount; they were not on any medication at the time of their participation in the study; and they had never taken birth control pills. Smokers were eligible if they smoked at least for one year. Twenty-six current smokers volunteered, who were individually matched for physical activity scores, age and body mass index (BMI) with 26 nonsmokers who had never smoked. The study protocol was approved by the Ethics Committee of the Nakamura Gakuen University. Informed consent was obtained from each subject.
Information on smoking and physical activity habits was obtained via a self-administered questionnaire. Accuracy of the questionnaire was checked through individual interviews. Smokers were asked to indicate how many cigarettes a day and how many years did they smoke. The frequency, duration and mode of physical activity were questioned, and scores 1-5 were given according to Young and Steinhardt. 20) Measurements --The body weight and height were measured with the subjects in underwear to the nearest 0.1 kg and 0.1 cm, respectively. BMI was expressed as weight/height 2 (kg/m 2 ).
Dietary information was collected using a 3-weekday diet record. Each diet was analyzed by means of a computer program. Each food item was coded according to the tables of the Japanese foodstuff composition. 21) Blood Analysis --Physical exercise was not allowed 48 hr, and beverages other than water and CS were not allowed 24 hr prior to the blood sampling. Subjects arrived at the laboratory by 08:00. The temperature of the laboratory was set at 25 • C. Fasting (12 hr) blood samples were drawn from the antecubital vein after each subject had been seated quietly for at least 20 min. All blood samples were taken between days 7 and 9 of the menstrual cycle when estrogen levels were relatively low. 19) The samples were immediately stored on ice, and kept on ice until centrifuged within 10 min in a refrigerated centrifuge at 4 • C. Samples were analyzed within 10 days, and all measurements were duplicated. Glucose, total cholesterol (TC) and triglycerides (TG) were analyzed by enzymatic methods. HDL-C was analyzed by direct assay with selective inhibition method. HDL 2 -C and HDL 3 -C were analyzed by ultracentrifugation method. Low-density lipoprotein cholesterol (LDL-C) was analyzed by heparin and citrate precipitation method. Details of these methods have been presented elsewhere. 22) Insulin was analyzed by an automated chemiluminescence enzyme immunoassay analyzer, BCS 600 (SRL, Inc., Tokyo, Japan). 23) HOMA-R index was calculated as: fasting serum insulin (µU/ml) × fasting plasma glucose (mmol/l)/22.5. 24) The coefficients of variation for intra-assay and inter-assay were 2.0% and 2.0% for glucose, 0.54% and 2.71% for TC, 4.16% and 7.34% for TG, 0.91% and 1.73% for HDL-C, 7.18% and 8.71% for HDL 2 -C, 7.27% and 7.33% for HDL 3 -C, 1.37% and 3.70% for LDL-C, and 3.86% and 1.57% for insulin, respectively.
Statistical Analysis --The SPSS Statistics 10.0 version for Windows (SPSS Inc., Chicago, IL, U.S.A.) was used for statistical analysis. The results were expressed as mean ± S.D. throughout the paper. The statistical analysis was done with standard methods for 2-tailed, unpaired Student's t test. To improve skewness of the distributions, triglycerides and insulin were logarithmically transformed for statistical analysis. Since untransformed values gave similar results, only these are presented. Pvalues less than 0.05 were considered statistically significant.
RESULTS
The characteristics of study subjects by smoking status are shown in Table 1 . Smokers had significantly higher mean fasting blood insulin, HOMA-R index and glucose while lower mean fasting HDL 2 -C as compared to nonsmokers. However, CS did not significantly correlated with these parameters (data not shown).
The mean nutrient intakes showed no significant differences between smokers and nonsmokers ( Table 2 ).
DISCUSSION
Our results were consistent with studies that found smokers have higher fasting serum insulin and HOMA-R index than nonsmokers. [9] [10] [11] [12] [13] [14] Studies that have been inconsistent with these may be Data are mean ± S.D. * p < 0.05, * * p < 0.01.
related to the differences in study design, subjects, methods for assessment of insulin resistance and the extent of controlling for confounders. [15] [16] [17] [18] Although we lack the power to use statistical techniques for adjustment due to the small sample size, a recent study 25) with a relatively large sample conducted in healthy young subjects showed similar results as ours. Besides, all subjects in the present study were matched for age, BMI, and physical activity scores, which were considered to differ between smokers and nonsmokers. [26] [27] [28] [29] [30] [31] It has also been reported that smokers are more likely to have unhealthy dietary practices, 32) however, mean nutrient intakes showed no apparent differences between smokers and nonsmokers in our study. To avoid the influence of acute effects of CS 33) and menstrual cycle phase on insulin and other metabolic factors, the smokers were refrained from smoking for 24 hr before blood sampling, which were taken between days 7 and 9 of the menstrual cycle. Although we took fasting insulin and used indirect method of HOMA-R index to determine insulin resistance, their accuracies have been demonstrated to have substantial correlation with the gold standard method. [34] [35] [36] Investigators have suggested that CS may exert a direct toxic on pancreatic tissue. 37, 38) However, our results may not favor this explanation since all subjects were non-diabetic without significant disturbance in insulin secretion. Thus it seems reasonable to speculate that insulin resistance could be caused by the direct effects of nicotine, carbon monoxide, or other agents in tobacco smoke. 11) This assumption was supported by another two research that demonstrated that nicotine may directly lead to insulin resistance. 39, 40) Further research is still needed to address the underlying mechanisms.
Studies have reported that CS may alter the glucose metabolism 41, 42) and cause higher fasting glucose in smokers. 43, 44) Since our two groups did not differ from each other with the major factors that may influence fasting glucose, the observed higher fasting glucose in smokers in our results may be caused by the smoke. However, the responses to stress following the 24 hr of smoking cessation cannot be ruled out.
The association of lower HDL 2 -C and CS found in the present study may be secondary to the insulinincreasing effect of smoking 13, 45, 46) and it has been suggested that HDL 2 -C might be a better predictor of CHD than total HDL-C. 47) In conclusion, compared with nonsmokers, smokers have higher fasting serum glucose, insulin, HOMA-R index, and lower HDL 2 -C. Although we matched for age, BMI, and physical activity scores, residual confounding could not be ruled out and might have biased our results. In addition, due to the fact that there might be a close association between smoking and alcohol consumption, 48, 49) our recruiting criteria might have excluded certain smokers, particularly heavy smokers, which may also have influenced our results. Furthermore, the small sample size might have restricted our power to find the differences between smokers and nonsmokers with respect to nutrient intakes and thus we could not neglect the role of unhealthy diet when interpreting our findings. Another limitation is that we relied only on self report without using more objective markers such as cotinine to verify smoking status. Therefore, the findings may not be generalized and need to be confirmed by future research in a larger sample size and in other ethnic populations. The reasons why CS increases risk of CHD are unclear. However, we suggested that insulin resistance and lower HDL 2 -C in smokers may contribute to their increased risk of CHD.
